Abstract: Chronic hamstring origin avulsions and ischial tunnel syndrome are common causes of posterior hip pain. Although physical therapy has shown benefits in some cases, recent evidence has reported better outcomes with surgical treatment in appropriately selected patients. The full-open approach has been the classic procedure to address this problem. However, the complications related to extensive tissue exposure and the proximity of the incision to the perianal zone have led to the description of full-endoscopic techniques. Achieving an accurate hamstring repair could be technically demanding with a full-endoscopic procedure. Accurate reattachment is crucial in hamstring repair because of the functional demand of the muscles crossing of 2 major joints (hip and knee). This surgical note describes a mixed technique including a mini-open approach, neuromonitoring, and dry endoscopic-assisted repair of the hamstring origin as an alternative for treating patients with chronic hamstring avulsions and ischial tunnel syndrome that remain symptomatic despite nonoperative treatment.
I
schial tunnel syndrome (also known as hamstring syndrome) is described as pain in the lower buttock region radiating down the posterior thigh to the popliteal fossa and is often associated with hamstring weakness. 1, 2 In a cadaveric study by Miller and Webb, 3 the sciatic nerve was found to have an intimate relation with the ischium and the hamstring origin. The sciatic nerve was located an average of 1.2 AE 0.2 cm from the most lateral aspect of the ischial tuberosity (Fig 1) . 3 Because of the intimate relation, hamstring avulsions can lead to ischial tunnel syndrome involving the sciatic nerve due to scarring around the nerve or the formation of tight fibrotic bands, or reduction in total space for sciatic nerve. 4, 5 In patients with chronic hamstring avulsions, common complaints include pain with sitting, with stretching, and with exercise (sprinting and acceleration).
1,2 Palpable tenderness is located around the ischial tuberosity, and hamstring muscle strength shows marked weakness and pain at 30 of knee flexion, although strength is normal and pain is improved at 90 of knee flexion (Fig 2) . 2 Radiographs usually yield negative findings unless bony avulsion is present. 6 On magnetic resonance imaging, the following findings associated with hamstring tendinopathy have been described: increased tendon size, pretendinous T2 signal with a distal feathery appearance, and ischial tuberosity and/or sciatic nerve edema (Fig 3) . 7 Most muscle or myotendinous hamstring injuries improve with a variety of nonsurgical modalities and rest. 6 However, treatment of hamstring origin avulsions is still controversial, and surgery has been recommended in the literature for osseous avulsions with more than 2 cm of retraction, complete avulsions in all 3 tendons with or without retraction, and partial avulsions that remain symptomatic despite nonoperative treatment. 5, 6, 8 Although good results have been reported with open surgery, [9] [10] [11] [12] Dierckman and Guanche, 13 as well as other authors, 8, 14 have been successfully leading the implementation of new endoscopic techniques to avoid complications due to extensive open approaches.
Full-endoscopic techniques have been very helpful for addressing hamstring avulsions and decrease the risk of nerve injury by avoiding nerve retraction during the surgical procedure. 13 However, achieving an accurate reattachment of the tendons over the anatomic footprint can be a technically demanding procedure for surgeons who are not trained in hip arthroscopy. A mini-open surgical technique assisted by dry endoscopy is a reasonable alternative to address chronic hamstring avulsions and ischial tunnel syndrome.
Technique
The procedure is usually performed on an outpatient basis with the patient under general anesthesia. Local anesthesia with 30 mL of 0.25% bupivacaine hydrochloride may be used for postoperative pain control. The patient is placed in the prone position on the operating table with the contralateral leg draped (Fig 4) .
Intraoperative Neurophysiological Monitoring
Neuromonitoring has been suggested as one means of reducing the incidence of intraoperative nerve insult. [15] [16] [17] [18] The primary emphasis of intraoperative neuromonitoring in this technique is to protect the sciatic nerve function. Transcranial motor evoked potentials and spontaneous electromyographic activity are recorded from the gluteus medius, biceps femoris, vastus lateralis, tibialis anterior, and gastrocnemius muscles innervated by the superior gluteal nerve, tibial nerve, femoral nerve, deep peroneal branches of the sciatic nerve, and tibial branches of the sciatic nerve, respectively.
Somatosensory evoked potentials to stimulate the superficial and deep peroneal nerves and the posterior tibial nerve are performed. The same muscles monitored for electromyographic activity are used to monitor motor potentials. Stimulation of both the left and right sides is performed (Fig 5) .
Mini-Open Approach
With the patient in the prone position, the locations of the ischial tuberosity and the ischiofemoral space are identified through fluoroscopy. An 8-cm transverse line is drawn superolaterally to inferomedially over the fluoroscopic mark, superior to the gluteal crease (Fig 6) .
After sterile draping and preparation, a subcutaneous plane is developed. The fascia is opened along the longitudinal aspect of the gluteus maximus (Fig 7) . The gluteus maximus is dissected carefully, close to the lateral border of the ischium, approximately at the junction of the proximal two-thirds and distal one-third of the muscle. Special attention should be paid to sciatic nerve and vein manipulation and retraction because of their predominant location in this area.
Dry Endoscopic-Assisted Tendon Evaluation and Reattachment
A 30 or 70 dry endoscope (Smith & Nephew, London, England) is inserted through the incision and advanced to evaluate the origin of the hamstring (Fig 8A) . At this point, the surgeon can accurately confirm the size and type of injury, as well as the tendons involved, under magnification. While the surgeon is visualizing with the endoscope, the midsubstance of the tendon is opened longitudinally with a blade and inspected (Fig 8B) . The degenerated tendon fibers and the bursa are removed before repair, with care taken to preserve the healthy tendon. The footprint of the torn tendon is decorticated with a 4.0-mm burr (Abrader; Smith & Nephew) to make the bone more parallel to improve the healing process by producing a bleeding bed (Fig 8C) . Once the parallel orientation is obtained, the tendon is reattached to the anatomic footprint with a 4.5-mm suture (Healicol; Smith & Nephew) under direct and fluoroscopic visualization (Fig 8 D and E) . These steps are then repeated for the next anchors as needed (Fig 8F) .
At the end of the procedure, the sciatic nerve should be inspected through direct visualization and intraoperative neural monitoring before and after the hamstring origin repair. The wound dressing should be hermetic to decrease the infection risk due to the proximity to the perianal zone. The described technique is demonstrated in Video 1.
Postoperative Rehabilitation
Physical therapy is initiated within 2 to 3 days after surgery. A hinged knee brace is indicated immediately after surgery on the operative side to prevent strain of the hamstring repair. The brace will allow knee flexion and avoid knee extension beyond an established amount (usually 30 to 45 of flexion). At the fourth week postoperatively, a gradual increase in the amount of extension allowed by the brace is recommended. Most patients will discontinue the knee brace at 6 to 8 weeks postoperatively. Use of crutches is recommended for 6 to 8 weeks, with partial weight bearing on the operative side (foot flat as tolerated) during the first 2 weeks and a gradual increase in weight bearing thereafter.
Discussion
Surgical treatment of hamstring avulsions and ischial tunnel syndrome is a challenging problem in hip surgery. These injuries require a delicate exploration and an accurate repair because of the functional demand of the hamstring muscles crossing 2 major joints (hip and knee).
Most hamstring injuries are strains of the muscle or myotendinous junction that can be treated successfully with physical therapy. However, chronic hamstring origin avulsions and secondary ischial tunnel syndrome respond to physical therapy less frequently than muscle or myotendinous strains without sciatic nerve involvement.
Harris et al. 19 performed a systematic review comparing clinical outcomes after open surgery versus nonsurgical treatment for hamstring proximal injuries. They included 18 studies (298 patients) and concluded that the open surgical repair resulted in significantly better subjective outcomes, a greater rate of return to patients' preinjury level of sport, and greater strength/ endurance than nonsurgical management. The results were apparent in both patients with acute tears and those with chronic tears.
Considering that retraction of the hamstring muscle produces traction of the sciatic nerve and subsequent symptoms, Young et al. 2 reported a study showing improvement of the sciatic symptoms after surgical release of the hamstring tendons. However, this approach has not been compared with reattachment in controlled studies in terms of strength and return to physical and sport activities.
Despite the results with open approaches, several complications have been reported, including sciatic nerve injuries, retears, and postoperative infection due to the proximity of the incision to the perianal zone. 19 The risk of infection and other complications related to extensive open approaches has recently led to the successful development of full-endoscopic techniques for addressing hamstring origin tears. 8, 13, 14 Thus far, there have been no studies reporting the results or complications of full-endoscopic techniques. As shown at meetings and in technical notes, the hamstring origin repair can be achieved by experienced surgeons trained in hip arthroscopy and extraarticular endoscopy. However, in the experience of the senior author (H.D.M.), achieving an accurate hamstring repair is technically demanding with a fullendoscopic procedure.
This report presents a mixed technique as an alternative to perform hamstring origin repair using guidance with dry endoscopy and a smaller incision than the open traditional approaches. Neurophysiological monitoring is performed routinely to decrease the risk of iatrogenic sciatic nerve damage.
The theoretical advantages when compared with a full-endoscopic repair could include a less technically demanding procedure for achieving an accurate repair, A potential limitation of the endoscopic-assisted miniopen technique as compared with full-open approaches could be the inability to mobilize large and retracted chronic hamstring tears. A summary of the described technique, including advantages, disadvantages, tips, pitfalls, and risks, is shown in Table 1 .
Dry endoscopic-assisted mini-open hamstring origin repair with neuromonitoring is a reproducible procedure and could be effective and safe for addressing chronic hamstring origin avulsions (especially semimembranosus tears) and ischial tunnel syndrome. Further studies reporting and comparing outcomes of full-open, full-endoscopic, and endoscopic-assisted surgical techniques are needed. 
